Abstract. In order to meet the needs of high efficiency solar energy collection in photovoltaic power generation system, a solar energy collecting circuit based on Boost structure DC/DC converter and MPPT control is designed, and the MPPT control strategies and methods are given. The solar energy collecting capability is improved by Boost structure DC/DC converter, and the output efficiency of photovoltaic cells and the electrical collection efficiency of collecting circuit are improved by MPPT control based on the real time estimation of photovoltaic cells status. The theoretical analysis and experiment results validate that the solar energy collecting circuit controlled with MPPT is easy to implement, and has good effect.
Introduction
With the rise of clean energy [1] , the technology of photovoltaic power generation [2] has been paid more and more attention. To improve the efficiency of photovoltaic power generation, the technology of MPPT (maximum power point tracking) [3] becomes one of the key technologies. In the proposed MPPT control methods [4] , the typical methods are P&O (perturb-observe) [5] and INC (increment conductance) [6] , etc. Although the above methods have their own characteristics, they all have the contradiction between the rapidity of tracking and the steady-state accuracy, and the cost of implementation is relatively high, which may cause problems such as high cost implementation and poor efficiency [7] . So, exploring the highly efficient and low cost MPPT control method has become an unremitting pursuit for researchers, especially engineers and technicians [8] .
Design of Solar Energy Collecting Circuit

Composition of Solar Energy Collecting Circuit
The actual generating capacity of photovoltaic cells (PV) varies with the change of light intensity and the environmental conditions and so on, and the actual output power of PV is closely related to the impedance matching degree between PV and its output load. In order to maximize the output power of PV, a suitable convertor should be connected between the output terminals of PV and the load for flexible impedance transformation, and the running state of the convertor should be controlled with MPPT mode based on the real-time state of PV. The Boost structure DC/DC convertor has flexible impedance transformation effect, so the closed-loop control of collecting-circuit's input current can easily realize the maximum power output of PV, and it can be used as the main circuit of solar energy collecting circuit. The MPPT control of the collecting circuit can be realized based on estimating the equivalent state of PV by real-time detecting the output state of PV, and then generate corresponding PWM (Pulse Width Modulation) control pulse to control the on/off state of the switch tube of the collecting circuit. The block diagram of adopted solar energy collecting circuit based on Boost structure DC/DC convertor and MPPT control is shown in Figure 1 . It is mainly composed of three parts: module PV, main circuit and control circuit. In Figure 1 , U i and R i are the equivalent electromotive force and the equivalent internal resistance of PV. The main circuit is composed of inductor L, switch tube Q, super capacitor or battery C, isolation diode D, current sampling resistance R s , output load R fz . The control circuit is composed of A/D converter, CPU, D/A converter and current comparator with hysteresis. 
Control Scheme for the Collecting Circuit
The output power of PV is the greatest when the output current of PV equals to its MPPT current, so the control circuit uses closed-loop control for the output current of PV in order to force the actual output current of PV to track its MPPT current and make PV work near its MPPT state in real time.
The control circuit detects the output voltage u 1 (t) and the output current i L (t) of PV, and sends the detected values u 1 (t) and i L (t) to the CPU after A/D conversion. The CPU estimates the equivalent state U i and R i of PV according to the output voltage and the output current of PV, the expected output current value I MPPT of PV is calculated according to the maximum power output condition, and the I MPPT is acted as the reference value of the current comparator. The current comparator compares the actual output current i L (t) with the MPPT current I MPPT in real time. If the actual output current of PV is less than MPPT current, the switch tube Q is turned on so that the output current of PV is increased. If the actual output current is greater than the MPPT current, the switch tube Q is turned off so that the output current of PV is reduced. Thus, the actual output current i L (t) of PV is dynamically maintained near the MPPT current I MPPT , and PV works near its MPPT state in real time.
The equivalent state (U i , R i ) of PV can be estimated by the formula (1) and the formula (2).
Where K --The discrete value of time t. The MPPT current I MPPT of PV can be calculated by the formula (3).
The state S Q of the switch tube can be determined in accordance with the formula (4).
Where δ I --The current threshold of the current comparator with hysteresis.
Control circuit
Realization of Solar Energy Collecting Circuit
Realization of the Main Circuit
As shown in Figure 1 , the Boost structure DC/DC convertor is used as the main circuit of the collecting circuit. When the switch tube Q is turned on, the current i L (t) increases, and the output energy of PV is stored in the inductor L. When the switch tube Q is turned off, the current i L (t) decreases, and the stored energy in L can be transferred to the capacitor or battery C. Under the control of the control circuit, the output current of PV tracks its MPPT current, so as to force PV works near its MPPT state in real time, and the purpose of maximizing the output efficiency of PV and the collection efficiency of collecting circuit is achieved.
Realization of the Control Circuit
The detected output state of PV includes output voltage and output current. The two parts are synchronized, and the signals are sent to A/D convertor independently after sampling.
The equivalent state estimation and MPPT current calculation are realized by software in CPU, and the estimated MPPT current I MPPT is sent to the comparator as the given value of the current closed-loop controller.
The current closed-loop controller uses a current comparator with hysteresis to compare the actual output current i L (t) of PV with the MPPT current I MPPT . If i L (t) is small, the high level is output to control the switch tube Q turned on to increase the i L (t). If i L (t) is large, the low level is output to control the switch tube Q turned off to decrease the i L (t). Considering the needed time to switch the state of Q reliably and the power loss from the frequent state switching, the comparator is equipped with the corresponding hysteresis to avoid frequent switching. At the same time, considering that the main circuit is a Boost structure convertor, an overvoltage protection circuit should be configured in the control circuit to avoid the high output voltage and ensure the safety of the collecting circuit.
Realization of the Control Software of the Collecting Circuit
The control software completes the real-time state estimation and the MPPT current calculation of PV. The main process of control software is shown in Figure 2 . 
Example Analyses
The main component parameters and the control parameters are shown in Table 1 for the collecting circuit. Among them, δ T is the control time step, U Dth is the dead zone voltage of the diode D. The running status and output results of the instance system are shown in Table 2 and figure 3~ 5. Table 2 . Main output data of solar energy collecting circuit. Figure 4 shows the state of switch tube Q, the current i L (t) and the capacitor voltage u C (t). It can be seen from the diagram that the switch tube Q is turned off when the inductance current is larger, then the current i L (t) is reduced, and the inductor releases the energy. When the inductor current is smaller, the switch tube Q is turned on, the current i L (t) increases, and the inductor increases the energy. The inductor can store energy and discharge energy round or round, so the energy from PV is collected. Figure 5 shows the output efficiency of PV and the collection efficiency of collecting circuit. It can be seen that the output efficiency is nearly 50%, and the collection efficiency is nearly 41%. This is because the actual working state of PV is near the MPPT state, so the power output efficiency will be lower than 50%. Because the sampling resistor, isolation diode and other components consume some energy, so the collection efficiency of collecting circuit is lower than the output efficiency of PV. 
Conclusions
Aiming at the collecting circuit based on Boost structure DC/DC converter, the collection efficiency is high when the MPPT current of PV is estimated and current closed-loop control mode is used. To improve the collection efficiency of collecting circuit as much as possible, not only the estimation accuracy of the equivalent state of PV should be improved, but also the parameters of the components should be optimized. This will be the next step of the work.
